An investigation was carried out into the use of saw-dust form oak wood as a supplementary fuel in the iron ore sintering process. The primary fuel was coke breeze and total heat output of all the tested raw blends was the same and was calculated as 3.8 wt. % coke breeze. The coke substitution and energy requirement provided by saw-dust from oak wood (SDOW) was in the range of 8 -44 %. Experimental tests were made by using a laboratory sinter pot (LSP) with charge capacity of around 70 -90 kg per run. The main objective of the work reported here was to determine the effects of substituting coke with saw-dust from oak wood in the iron ore sintering process with respect to combustion efficiency and sinter quality. The use of SDOW fuel up to 20 % as a partial substitution of coke resulted in a decrease in the sintering time but on the other hand with the increasing of SDOW the bed temperatures were reduced. A substitution of coke with SDOW more than 20 % may lead to decrease in permeability of mixture and consequently it may lead to achieve low temperature profile of bed. Explain in more detail and interpretation of results is described in the paper.
Introduction
Sintering process converts fine powdered iron ores and concentrates into agglomerate, which possesses the necessary strength and gas permeability for efficient high-productivity blast furnace operation [1] . Metallurgical grade coke breeze (under 3 mm) is generally recognised as being the best fuel for the iron ore sintering process. In recent years, biomass is becoming an attractive alternative source of energy to traditional fossil fuels. It is well known that within an integrated steelworks, iron ore sinter making is an energy intensive process and moreover this process contributes up to 10 % of the overall mass of carbon dioxide released from an integrated iron and steelworks [2] . At the present time, requirements for availability, process quality and productivity of sinter plants are continuously growing, and can only be met with designs suitable for the rugged iron and steel making environment. At the same time, a growing number of environmental regulations necessitate extensive investment. Especially a sinter plants with their high quantity of emissions have an important environmental impact. As a feasible solution it can be partial or entire replacement for coke breeze in the sintering process. It is attractive in case of biomass usage because it is considered to be carbon neutral since the fuel is derived from plant biomass, through photosynthesis and also for its lower costs [2, 3] . Investigation from this point of view was made and published by many authors [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . A laboratory sinter pot was used for studying sintering behaviour various types of biomass materials. The objective of the present work was to appreciate possibilities for substitution of coke breeze by saw-dust from oak wood.
Materials and Methods
For the experiments, the one iron ore and the iron concentrate typically used in steel works, dolomite, limestone, and coke breeze were used. Chemical composition of ferriferous materials is shown in Table 1 . Supplied materials were commonly used in a sintering mixture. The sintering ore grain size has been 11.85 % above 8 mm and under 1 mm 53.55 %. Given dolomite has oversize about 3 mm where grain size of fraction above 8 mm was 6.62 %, while required size under 3 mm was just 71 %. Grain size of concentrate, limestone and coke was in the range of norm for grinding. Analyse of used fuels which is typically used for coal characterization are given in Table 2 . Sintering studies were carried out using the laboratory sinter pot at the Department of Ferrous Metallurgy and Foundry in Košice. Methodology and conditions for blend preparation and sintering was carried out according sinter plant technology. There was prepared homogenized modelling piles with the same content of burden materials with various combination of coke substitution. The proportion of sintering ore and concentrate was 1:1. In all the sintering experiments the total energy content of the fuel was the same as that for 3.8 wt. % of coke. The homogenization piles was prepared by interleaving of components in several layers and consequently seasoning for few days. After this granulation process was carried out in a round drum and the granulated mix was then transferred into the sinter pot on constant bed high and ignited by means of direct flame burner. Underpressure (Δp) was controlled to constant level of 5 kPa. A temperature profile of sinter bed and exhausted hot gases by PtRh10-Pt thermocouples (T 1 , T 2 , T 3 ) and NiCr-NiAl thermocouple (T4) as well as the flow rating (Q E.G. ) and chemical composition (O 2 , CO, CO 2 , SO 2 , NO X ) of exhausted hot gases by TESTO 350 analyzer box was monitored after an ignition immediately (Fig.1) . When the maximum waste gas temperature was taken, the sintering was finished. The sinter was allowed to cool in the pot and then subjected to a standard testing. Δp Q E.G.
Fig.1 Monitoring of sintering process

Results and Discussion
Analysis of used fuels shows a several substantial difference between them. It may be seen from Table 2 that calorific value of coke breeze is 1.58 times greater than that of SDOW and also carbon content in combustible is approximately 1.9 times greater than that one. A very low ash content (1.5 %) of the SDOW compared with the coke breeze (14.5%) also may be seen. Content of volatiles is approximately twenty-four times higher in case of the SDOW and concentration of hydrogen is higher more than 5 %. Concentration of sulphur is also 12 times smaller compared with the coke breeze.
As we can see grain size of used coke and SDOW is shown on Fig. 2 . It may be seen from picture that SDOW contains approximately 90 wt. % of grains under 1 mm whereas 40 wt. % in case of coke. All this differences had impact on pre-pelletizing process and quality of mixtures permeability as well as on thermal conditions in sintered layers. According to all that the moisture of mixtures was increased from 7 % to 13 % with substitution level of coke and permeability was decreasing about 50 % in case of 44 % substitution of coke. The peak temperatures attained at various bed depths during combustion of coke-SDOW mixtures, with 0%, 8%, 14 %, 20 % and 44 % replacement of the coke, in a sintering bed are shown in Fig. 3 . As the proportion of SDOW used in the mixture increased the bed temperatures were reduced and sintering time was increased. In case of 44% replacement of coke the maximal temperatures in sintering bed was deeply under required sintering temperatures of above 1000°C what resulted in very low sinter quality (Fig.4) . The low temperatures and temperatures delay in the sintering bed levels observed with SDOW additions may be attributed to the condensation of semi-volatile organic combustion products in the lower regions of the bed. The level of return fines produced is considered to be the most direct indicator of sinter quality. Sinter grain size also reflects the strength index of produced sinter (compare with Fig. 5 ). It was observed that coke replacement, up to 20 %, with SDOW in blends has no significant influence on the strength and abrasion of sintered product. The sintered mixture with 44% substitution of coke has not been analysed. The effect of coke replacement by SDOW addition on vertical sintering rate, production and production coefficient is shown on Fig. 6 . It is clear that replacement of coke with SDOW has a positive effect on vertical rate but even though on this the specific sintering production was slightly decreased. A sintering vertical rate was calculated by mathematical equation:
where: v-sintering vertical rate ( mm/min), S -sintering surface ( m 2 ), ρ -bulk density of mixture ( kg / m 3 ) , k -yield of sinter up to 5 mm ( % ) This total negative effect of SDOW addition is in consequence with increasing level of returned sinter (Fig. 4) Fig. 6 The effect of coke replacement by SDOW addition on aglomerate vertical sintering rate, production and production coefficient Fig. 7 show the concentrations of CO, CO 2 in the exhaust gases for various ratios cases. As may be seen, the carbon monoxide and carbon dioxide concentration profile is different. We can see that maximal concentration of CO 2 in the case of higher coke substitution (20 and 44 % ) was about 15 % and maximal concentration of CO was measured on level of 3%, which perhaps indicates the accumulation of condensable and combustible volatile mater from the SDOW. After ignition, the level of CO 2 was maintained at a relatively constant level of 9 ÷ 11 % in case of 0 % and 8 % replacement of coke. 
Conclusions
The research was focused on the use of saw-dust from oak wood as a supplementary fuel in the iron ore sintering process. The analyses of used saw-dust from oak wood showed that caloric value is only 63 % from caloric value of used coke and content of volatiles is approximately twenty-four times higher. The grain size of SDOW is also different of coke size distribution and has direct impact on quality of pre-pelletizing and sintering bed temperature profile. The sintering of tested mixtures in the laboratory sintering pot provided a reasonable representation of the plant scale process in terms of combustion characteristics. It was found that up to 20 % of the coke energy used in the sintering process could be replaced with SDOW with no apparent deterioration in sinter quality. The level of return fines produced is considered to be the most direct indicator of sinter quality and also reflects the strength index of produced sinter. The combustion of coke with specified substitution with SDOW resulted in reduced bed temperatures with the reduction in temperature increasing as the amount of SDOW increased. Sintering times observed with coke, and with coke-SDOW mixtures with 8 %, 14 %, 20 % and 44 % coke replacement were 1640, 1619, 1408 and 2798 s, respectively. This decrease in sintering time ( up to 20 % of substitution ) suggests that perhaps the replacement of coke with SDOW may lead to an increase in sinter productivity. On the other hand substitution of coke by saw-dust from oak wood has a negative effect on the bulk density which was be reduced about 20 % in case of 44 % coke substitution. Abrasion of agglomerate was in practical on constant level or slightly increased when SDOW replacement was rising up to 20 %. It is clear that replacement of coke with charcoal has a positive effect on vertical rate and sintering yield. The combustion efficiency was rised from 0.85 to 0.9 approximately. Despite of the high excess oxygen concentration some carbon monoxide, 1 -3 %, was present in the exhaust gas. Concentration of CO 2 and CO in exhausted gases was on maximal level in case of higher coefficient of substitution. Addition of SDOW instead of coke up to 20 % has no significant influence on the strength and abrasion of sintered product.
